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@ High speed tyre uniformity testing device.

@ A high speed tyre uniformity testing device (10)
which is constructed to prevent mechanical resonan-
ces in the tyre load frame during high frequency
testing, thereby permitting undistorted measure-
ments of higher harmonic force variation signals
from the tyre. A test tyre (24) is mounted to a
rotatable spindle (26) within a housing (28) for selec-
tive engagement with a road wheel (20). The housing
is supported and manoeuvred by a plurality of verti-
cal (30) and horizontal (32) members, each member
including universal joints (34) at its opposite ends to
prevent bending moments from being applied to the
members. Since only tension and compression
= forces are applied to the members, a very stiff load
<frame is provided for the test tyre. One of the
members comprises a linear actuator (42) which is
™ . L .
e SPaced substantially away from the longitudinal axis
O of the housing (28) to provide additional stability to
the housing (28) during testing. Load cells (50) are
@ connected to the members for the purpose of mea-
€ suring the tension or compression variations due to
the rolling engagement between the test tyre (24)
and road wheal (20).

1Y -

20

Xerox Copy Centre



1 EP 0 305 613 A1 2

HIGH SPEED TYRE UNIFORMITY TESTING DEVICE

The present invention relates to a high speed
tyre uniformity testing device.

in the prior art, there are a number of tyre
testing machines of various kinds such as those
shown in U.S. Patent Nos. 3,060,734; 3,206,973;
3,543,576, 3,546,936; 3,604,245 and 3,797,306.
These devices typically include large frames that
are required for moving the tyre into position
against a testing wheel. Such cumbersome mecha-
nisms increase the cost of consfruction and make
installation and servicing difficuit. None of these
devices provide an efficient, relative lightweight and
accurate tyre testing apparatus that can be easily
instrumented to provide for an analysis of all of the
required loads and movements necessary for tyre
compliance testing.

Tyre uniformity measurements are primarily
associated with an assessment of the radial,
fore/aft, and lateral force variations to be expected
at the centre of a tyre rolling at a constant loaded
radius. The need for tyre uniformity measurements
results from the fact that the tyre may be the cause
of vehicle vibrations. Previously, this sensitivity was
mostly related to the first harmonic of the tyre's
non-uniformity. This first harmonic sensitivity feels
very much like tyre unbalance, having a once per
tyre revolution vibration rate.

The force variation signals from a tyre can be
decomposed into a series of sinusoidal compo-
nents wherein the component having one cyclic
variation per tyre revolution is referred to as the
first harmonic, that with two complete cycles per
_tyre revolution is referred to as the second har-
monic, etc. When one of these harmonics excites a
resonant mode of vehicle vibration, a noticeable
disturbance may be felt inside the vehicle. Since
the first harmonic force typically has the largest
peak-to-peak amplitude, that harmonic is usually
the most noticeable. However, the higher harmon-
ics become noticeable when beating together, i.e.,
interfering and reinforcing one another. Neverthe-
less, typical tyre uniformity measurements in the
prior art have only included the first harmonic
peak-to-peak values for the radial and lateral force
variation signals from the tyre since it was believed
that a low speed measurement of these quantities
provided the necessary correlation to ride comfort
ratings.

With the ever-increasing use of radial tyres,
which have lower resonant frequencies than bias
ply tyres, it has become important to measure
higher harmonic excitations because of the distur-
bances caused by these higher harmonics. A prob-
lem exists, however, because prior art devices,
which commonly comprise a rotatable wheel moun-
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ted on an axle, means for supporting said whes! on
a frame and means operatively connected to said
axle for driving said wheel, are not able to readily
assess the disturbances produced by the higher
harmonics. Moreover, the smaller and lighter ve-
hicles being produced today with unibody con-
struction are generally more sensitive to these
higher harmonics, thereby producing an even
greater need for such measurements.

The present invention seeks to provide a high
speed tyre uniformity testing device which will not
resonate within the test frequency range of approxi-
mately 1-200 Hz that is required for measuring
higher tyre harmonics. It is preferred that the de-
vice include a very stiff but lightweight [oad frame
so that all resonances therein are above 200 Hz
with the load frame being easy to install, relocate
and maintain.

In accordance with the present invention there
is provided apparatus for testing tyres at high
speed comprising a rotatable wheel mounted on an
axle, means for supporting said wheel on a frame,
and means operatively connected to said axie for
driving said wheel, characterised by a tyre mount-
ing means connected to a housing for rotatably
mounting a test tyre and a linear actuator con-
nected to said housing by means of a universal
joint for moving said housing and test tyre toward
and away from said wheel, said housing being
connected to said frame by means of first and
second tie rod members with said first tie rod
member being connected between the frame and
the underside of said housing and said second tie
rod member being connected between the frame
and a side of said housing, the angle formed be-
tween the axes of said first and second members
being substantially 90 degrees, and said die rod
members being connected io said housing and
said frame by means of universal joints whereby
only tension and compression forces are applied to
said members when said test tyre is rotatable
engaged against said wheel.

The present invention provides a high speed
tyre uniformity testing machine which is construct-
ed such that no mechanical resonances exist within
the measurement frequency range of approximate-
ly 1-200 Hz, thereby permitting the measurements
of both higher harmonic excitation rates and in-
creased fore/aft non-uniformity forces that increase
with tyre speed. The device permits the movement
of a test tyre against a road wheel in a relationship
for accurate testing. Suitable controls may be pro-
vided to adequately control and instrument the tyre
testing device.

The main support base for the device includes
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opposed vertical frames for rotatably supporting an
axle of a road wheel. The road wheel is driven by a
drive motor which is operatively connected thereto.
A test tyre is mounted to a rotatable spindle on a
housing for selective engagement with the road
wheel. The housing is supported by a plurality of
vertical tie rods and horizontal tie rods with each tie
rod including universal joinis at its opposite ends.
The test tyre is drawn against or disengaged from
the road wheel by means of a linear actuator which
is connected to the housing by yet another univer-
sal joint.

The axis of the linear actuator is spaced sub-
stantially above the main longitudinal axis of the
housing to provide the necessary stability to the
housing during testing. Load celis are connected to
the tie rods and actuator for the purpose of mea-
suring tension of compression variations along the
connecting links to the housing due to the rolling
engagement between the test tyre and road wheel.
Significantly, the tie rods provide for maximum
stiffness when the tyre is rotatably engaged against
the road wheel because the universal joint connec-
tions prevent the application of bending moments
to the tie rods, and therefore, only tension and
compression forces are applied. Since such mem-
bers are strongest in tension or compression, they
provide maximum stiffness while requiring the least
amount of mass. Thus, the very stiff load frame
assures that no mechanical resonances will exist
within the intended test frequency range of approxi-
mately 1-200 Hz, thereby permitting undistorted
measurements of higher harmonics in the test tyre.

The invention is described further hereinafter,
by way of example only, with reference to the
accompanying drawings, in which:

Fig.1 is a side elevational view of one em-
bodiment of a high speed tyre uniformity testing
device in accordance with the present invention;

Fig.2 is a top plan view of the tyre uniformity
testing device of Fig. 1;

Fig.3 is an end view of the tyre uniformity
testing device of Fig. 1; and

Fig.4 is a partial cross-section illustrating a
universal joint which forms part of the tyre uniform-
ity testing device of Fig.1.

A high speed tyre uniformity testing machine
10 is disclosed in Figures 1 to 4. A main support
base 12 includes opposed vertical support frames
14 having bushings 16 on their upper ends for
rotatably supporting an axle 18 for a road wheel 20.
The road wheel 20 is driven by a drive motor 22
which is operatively connected fo axle 18.

A test tyre 24 is mounted to a rotatable spindle
26 within housing 28 for selective engagement with
road wheel 20. Housing 28 is supported by a
plurality of vertical tie rods 30 and horizontal tie
rods 32. The tie rods 30 and 32 include universal
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joints 34 at their opposite ends, each comprising
ball bearing members 36 and 38 as is typically
shown in Fig. 4. Each of the vertical tie rods 30 is
connected by the universal joints 34 between the
underside of housing 28 and main support base 12.
Each of the horizontal tie rods 32 is connected by
the univeral joints 34 between a side of housing 28
and vertical support structure 40 extending upwar-
dly from support base 12.

Test tyre 24 is drawn against or disengaged
from road wheel 20 by means of a linear actuator
42 which is mounted to a support structure 44 at its
cylinder end. Actuator 42 is connected at its piston
end to a vertically protruding portion 46 of housing
28 by another universal joint 34. The axis of linear
actuator 42 is spaced substantially above the main
longitudinal axis of housing 28, which is generally
coincident with the rotational axis of road wheel 20,
to provide the necessary stability to housing 28
during its movement toward and away from road
wheel 20. Fig. 1 illustrates, in phantom lines, the
maximum and minimum diameters for test tyre 20
that can be mounted to housing 28 and drawn
against or disengaged from road wheel 20 by ac-
tuator 42.

A plurality of load ceils 50 are connected along
the lengths of tie rods 30 and 32 and the piston
end of actuator 42 for the purpose of measuring
tension or compression variations along the con-
necting links, i.e., 30,32 and 42, between frame 12
and housing 28 due to the rolling engagement
between test tyre 24 and road wheel 20. Signifi-
cantly, the tie rods 30 and 32 provide for maximum
stiffness when tyre 24 is rotatably engaged against
road wheel 20 because of the universal joint con-
nections 34 which prevent bending moments from
being applied to the tie rods, and therefore, only
tension and compression forces are applied to the
tie rods. Since the tie rods are strongest in tension
or compression, they provide maximum stiffness
against loads applied to housing 28 while requiring
the least amount of mass.

Thus, a very stiff load frame is provided for test
tyre 24 to prevent mechanical resonances in the
frame members for test frequency ranges lower
than 200 Hz. This permits testing of tyres at higher
speeds which produce higher harmonics of radian,
lateral, and fore/aft non-uniformity forces in the
tyre.

Claims

1. Apparatus for testing tyres at high speed
comprising:
a rotatabie wheel mounted on an axle, means for
supporting said wheel on a frame, and means
operatively connected to said axle for driving said
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wheel, characterised by a tyre mounting means
connected to a housing (28) for rotatably mounting
a test tyre (24) and a linear actuator {42) connected
to said housing (28) by means of a universal joint
(34) for moving said housing (28) and test tyre (24) 5
toward and away from said wheel (20), said hous-
ing (28) being connected to said frame (14,40,12)
by means of first (30) and second (32) tie rod
members with said first tie rod member being
connected between the frame (12) and the under- 10
side of said housing (28) and said second tie rod
member being connected between the frame (40)
and a side of said housing (28), the angle formed
between the axes of said first and second mem-
bers being substantially 90 degrees, and said tie 15
rod members being connected to said housing and
said frame by means of universal joints (34) where-
by only tension and compression forces are im-
plied to said members when said test tyre (24) is
rotatably engaged against said wheel (20). 20
2. Apparatus as claimed in claim 1, charac-
terised by a plurality of first (30) tie rod members
and a plurality of second (32) tie rod members with
said first tie rod members forming four bar linkage
connections between said frame (12) and the un- 25
derside of said housing (28) and said second tie
rod members forming four bar linkage connections
between the frame (40) and the side of said hous-
ing (28).
3. Apparatus as claimed in claim 1 or 2, 30
characterised in that each of said tie rod members
and said actuator includes load cells (50) posi-
tioned for measuring tension or compression vari-
ations in response to rolling engagement between
the test tyre and wheel. 35
4. Apparatus as claimed in any of claims 1 to
3, characterised in that the axis of said linear
actuator (42) is spaced substantially away from the
axis of said housing (28) to provide stability to the
housing during its movement toward and away <40
from the wheel.
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